introduction
The generally good health and long life expectancies experienced by Western populations owe much to the advent of large-scale public health measures in sanitation and advances in microbiology during the 19th century. This had led to a dramatic decrease in infectious diseases and marked gain in population health. Could such a dramatic improvement be achievable for today's predominant diseases on a global scale and specifically for cancer? In overviews concerning 'environmental cancers' (see for example [1] [2] [3] [4] [5] [6] ), the definition of 'environmental' can vary considerably in terms of the list of exposures considered due to differences in inclusion criteria. The methodological difficulties encountered in the investigation of environmental causes of disease are often neglected in these publications, which tend to focus mainly or exclusively on Western populations. The purpose of this paper is to reexamine the issue with a specific focus on developing countries.
definition of environmental exposures
The interpretations of the word 'environment' differ between researchers: for example, in the 'gene-environment interactions' field, by environment researchers just mean nongenetic (inherited) determinants. For the sake of clarity, we will use the term environment in a more restricted way, meaning 'pollutants' of air, food, water and soil. We are thus excluding many nongenetic external causes, like tobacco smoking, alcohol and dietary habits. We will also exclude occupational exposures for which considerable work has already been done [7] . For the same reason, we also exclude infectious or parasitic causes of cancer, which explain 15% of all cancers (a figure that is based on sound evidence [8] ).
We focus on prospective cohort studies whenever possible. Controversial exposures with limited evidence are also exempt from this overview; such examples include electromagnetic fields [9] , nonoccupational exposure to pesticides [10, 11] , disinfection by-products [12] and exposure to solvents (except benzene) [13] . Although considerable evidence does exist for some of these exposures, it often comes predominantly from case-control studies and is therefore less persuasive than prospective cohort studies. We have also excluded UV light, although it is a well-established carcinogen, and focused on chemical exposures. This is not a systematic review because evidence is still sparse and almost anecdotal, particularly for the size of exposed populations and thus we have not attempted a systematic estimate of attributable risks.
environmental exposure to arsenic in drinking water
Despite being a highly prevalent human exposure, arsenic was not included in some recent publications from World review *Correspondence to: Prof. P. Vineis [1, 2] . The predominant source of arsenic exposure is from contaminated drinking water. Chronic exposure to arsenic is known to cause nonmelanocytic skin and internal tumours in humans, exhibiting dose-dependent effects. In a study assessing the potential burden of internal cancers due to arsenic exposure in Bangladesh, Chen and Ahsan estimated excess lifetime risks of death from liver, bladder and lung cancers using exposure distribution, death probabilities and cancer mortality rates from Bangladesh and dose-specific relative risk (RR) estimates from Taiwan. Their results indicated at least a doubling of lifetime mortality risks from liver, bladder and lung cancers (229.6 versus 103.5 per 100 000 population) in Bangladesh that were attributable to exposure to arsenic in drinking water [14] .
Overall, it has been estimated that at least 137 million people in the world, including the 70 million or so that reside in the Padma-Meghna plain in Bangladesh and adjoining parts of India, are exposed to arsenic through drinking water [15] .
indoor exposure to biomass fuel and coal Biomass, including wood, crop residues and dung, is largely used for cooking in developing countries, in addition to coal. The burning of these materials gives origin to heavy exposure to polycyclic aromatic hydrocarbons (PAHs) and other airborne carcinogens. Zhang and Smith [16] reviewed 200 publications in both Chinese-and English-language journals which reported health effects and exposure characteristics. In addition, the odds ratios (ORs) for lung cancer associated with indoor coal use have been summarised in a recent meta-analysis by Smith et al. [17] . In such analysis, tobacco smoking status was either included as adjustment variable or the analyses were restricted to nonsmokers only. The overall OR estimates, adjusted for smoking and chronic respiratory disease, for men and women combined were 1.86 [95% confidence interval (CI) 1.48-2.35] and 2.55 (95% CI 1.58-4.10), respectively.
Early studies in Africa seemed to implicate nasopharyngeal cancer with wood smoke, but this association was not confirmed by later, more detailed studies in Asia [18] . One study in Brazil has shown a strong relationship with upper aerodigestive tract cancers, with an adjusted OR of 2.7 [19] .
The estimate of the number of people exposed to biomass fumes is (conservatively) at least one-third of the total population in developing countries, i.e. at least 600 millions (according to the definition of developing countries given by the World Bank; we have only considered age >30). The total number of estimated lung cancer deaths in developing countries is about 600 000 per year [20] . If the OR of 1.8 for lung cancer applies, the preventable fraction in the exposed is (1.8 2 1)/1.8 = 0.45. Thus, at least 90 000 of 200 000 deaths from lung cancer occurring in the exposed population would be preventable each year in developing countries. But, of course, this estimate is very inaccurate because it does not consider, for example, the effect on adult cancer of exposures in utero or in infancy.
aflatoxins
Aflatoxins are a class of toxic metabolites produced by certain species of fungi, including Aspergillus flavus, which can contaminate groundnuts, tree nuts and grains. Laboratory studies have demonstrated the carcinogenicity of aflatoxins in rodents, primates and fish [21] . Hepatocellular carcinoma (HCC) has been observed in numerous species indicating the liver as a primary target organ. HCC is one of the most common cancers worldwide with a large geographic variation in incidence [22] . There have been two major cohort studies reported to date addressing the relationship of aflatoxin exposure and viral infection to HCC incidence. The first comprises of a study of >18 000 people in Shanghai from whom urine and blood samples were collected [23] . The data revealed an RR of 3.4 for HCC cases whose urine had detectable aflatoxin biomarkers. The RR of developing HCC in people who tested positive for hepatitis B virus (HBV) infection was 7.3. But more remarkably, individuals with both urinary aflatoxins and positive HBV status had an RR of 59 for developing HCC.
A nested case-control study in a cohort investigation carried out in Taiwan (of >15 000 people) found that in HBV-infected males, the adjusted ORs were 2.8 for detectable compared with nondetectable aflatoxin-albumin adducts and 5.5 for high compared with low levels of aflatoxin metabolites in urine [24] A second cohort study in Taiwan observed a dose-response relationship between urinary AFB1 levels and HCC in chronic HBV carriers [25] .
The number of people exposed to high levels of aflatoxin worldwide is unknown but it is likely to be at least 0.5 billion. One source reports the appalling figure of 4.5 billions, on the basis that most of the population in areas with particular conditions of humidity (that facilitate the growth of fungi) would be exposed chronically [26] . If we assume an RR of about 2, then it follows that the number of preventable deaths from liver cancer would be at least 50% of the total of the 125 000 occurring every year in populations exposed in developing countries, i.e. 60 000 (125 000 has been estimated as one fourth of all liver cancer deaths occurring in developing countries [20] ).
exposure to air pollutants
Environmental tobacco smoke (ETS) and traffic-related air pollution share a number of characteristics: they are widespread exposures in both developed and developing countries; they have several chemical components in common (in particular PAHs) and they have been associated with increased risks of lung cancer and other diseases [27] .
ETS has been considered as a human carcinogen (for the lung) by a Working Group of the IARC Monographs [28] , with an overall RR for lung cancer of 1.25. ETS exposure has an estimated prevalence level in developed countries of between 20% and 70%, although this is rapidly decreasing thanks to the new public health interventions against smoking in public places. The proportion of lung cancers attributable to ETS has been estimated as between 1.5% and 8% in developed countries.
Concerning air pollution, at least in the case of lung cancer we have now rather sound evidence: in fact, six cohort studies (three in the United States and three in Europe) are consistent in reporting RRs in the order of 1.25 for higher versus lower levels of exposure in developed countries [29] . Also in this case, like in the case of ETS, molecular mechanisms that provide biological plausibility have been proposed. To arrive at an overall estimate for the attributable risk for developed countries is difficult due to the widespread nature of this exposure. However, it is usually considered that 30% of the population receive the highest levels of exposure (>30 lg/m 3 of PM10 or NO 2 ). In a prospective study, 5%-7% of lung cancers in never smokers and exsmokers were estimated to be attributable to high levels of air pollution as expressed by NO 2 or proximity to heavy traffic roads [30] . In a systematic review, Cohen et al. [31] suggested the figure to be between 5% and 6% for the general Western population.
While estimates of the health effects of air pollution from developing countries are sparse, they tend to be much larger in magnitude than those obtained for developed countries [32] . Using the conservative estimates of 5% lung cancers due to ETS and 5% due to air pollution-coming from Western countries-we estimate that 40 000 of 400 000 total lung cancers deaths in developing cancers [20] could be prevented. Taking into account the additive action and the large overlap in exposure between the two hazards, a more conservative estimate is likely to be 25 000. However, these figures do not consider the late effects of exposure in utero or in infancy.
Very little can be said on air pollutants deriving from industrial activities. Many of them are listed in Table 1 (see  below) , but a systematic survey is almost impossible given the extremely heterogeneous nature of exposures and locations.
asbestos (nonoccupational)
Nonoccupational asbestos exposure in developed countries, when it was addressed in credible epidemiological studies, turned out to be a more important issue than previously believed. A meta-analytical RR of 7.0 (95% CI 4.7-11) associating neighbourhood high-level exposure to asbestos and malignant mesothelioma has been reported [33] . This is a conservative estimate because it does not include studies from Wittenoom and South Africa [34] . Populations in developing countries may be extensively exposed to asbestos since production as well as associated health hazards have been transferred over from the Western countries where protective legislations had been introduced. However, the number of potentially exposed people is unknown [35] .
polychlorinated biphenyls
Recent evidence strongly indicates that polychlorinated biphenyls (PCBs), and specifically some congeners, are involved in the aetiology of non-Hodgkin's lymphomas (NHLs). PCBs have been found to widely contaminate soils, waters and foods in Western countries since the 1940s. Three cohort studies and, more recently, a large case-control study identified serum or plasma PCB congeners as related to NHL. In the casecontrol study [36] , the OR for the highest versus the lowest quartile of PCB measurements was 1.83 (95% CI 1.18-2.84). In another study, prediagnostic serum or plasma concentrations of selected PCB congeners were measured among NHL cases and controls from three cohorts, one in Norway and two in the United States [37] . The ORs and 95% CIs for increasing quartiles of concentration of congener 118 relative to the lowest quartile were 2.4 (0.9-6.5), 4.9 (1.6-15.3) and 5.3 (1.5-18.8; P(trend) < 0.005) in Norway and 8.1 (1.0-68.9), 6.6 (0.7-59.0) and 13.0 (1.6-106.8; P(trend) < 0.05) in the United States.
Virtually nothing is known about exposures and risks in developing countries.
other exposures Table 1 shows exposures with an environmental relevance that have been classified as human carcinogens (group I) or 'probable human carcinogens' (group II A) by IARC Monographs Working Groups (www.iarc.fr). In addition, a number of occupational carcinogens that can contaminate the general environment are listed according to a review by Siemiatycki et al. [38] . The list is likely to be incomplete because information on the occurrence of environmental exposure is often far from comprehensive, particularly in developing countries. We wish to draw attention to 1,3 butadiene, formaldehyde and metals (nickel, chromium, cadmium) as the most significant in terms of health implications, both because they are human carcinogens and because these exposures are likely to be widespread.
waste landfill sites in developed and developing countries
Information from some developed countries [39] [40] [41] indicates that illegal landfill sites involve exposure to carcinogens such as dioxins, PCBs, arsenic, cadmium, nickel, PAHs and solvents (including benzene), among others [40] . Illegal landfill sites in developing countries are probably more widespread, more frequently polluted with toxic chemicals and closer to dwellings than in developed countries. Food and Agriculture Organization of the United Nations has estimated that 120 000 of the 500 000 tonnes of toxic wastes produced in the world are actually stored in Africa.
methodological issues
Most epidemiological estimates are based on surrogate markers of exposure, such as through questionnaire interviews. It is not surprising that such measures can lead to inaccurate estimates. Although bias can occur in both directions (i.e. overestimations as well as underestimations are possible), the most likely implication of inaccuracy in prospective studies (in which exposure data are collected long before disease data) is underestimation of the risks. Several authors have shown that sources of underestimation in epidemiology may outweigh sources of overestimation (Table 2 , courtesy of P. Grandjean).
When methods of biomarker measurements become available to improve accuracy in exposure assessments, estimates of risk for the same risk factors can increase substantially. For example, when sexual habits were used as a surrogate to investigate the relationships between human papilloma virus (HPV) infection and sexual habits, the RRs for cervical cancer were estimated to be in between 2 and 8. This increased to up to 500 when specific strains of HPV were considered [42] . Product of fungi, ubiquitous in world regions of hot humid climates: sub-Saharan Africa and south-east Asia (daily levels measured range: 3-200 ng/kg/day). Most dietary staples found to be contaminated (especially maize and groundnuts); also contaminates animal products through aflatoxin-tainted feed (i.e. milk). Cannot be broken down by normal cooking conditions. Exposure is often chronic in nature.
Some human cancers may take 20-30 years or longer from the time of first exposure to clinical manifestation. Waiting for high incidences of such cancers is not an ethically acceptable method for identifying human carcinogens. For several agents, carcinogenicities in animals were later confirmed once reliable human epidemiological data became available. This is well illustrated by the case of 1,3-butadiene, whose carcinogenicity has been recently confirmed by a review of the Working Group of the IARC Monographs [43] . It would be unwise to ignore health effects data derived from animal studies [44] . Trans-species extrapolations of health risks can be refined further by taking into account relevant information regarding the range and distribution of factors which enable more accurate prediction of responses in human populations.
conclusions: need for an effective strategy
The burden of cancers due to environmental exposures in developing countries is unknown, but it can sum up to several hundred thousands, if we just limit our estimates to the main Widespread exposure due to high stability of compounds. Environmental pollution bioaccumulates through food chain (especially fish). Majority of exposure occurs from ingestion of contaminated foods (fish, meat and eggs); also from inhalation of air around electrical appliances factories and paper recycling plants.
Classification key, level of evidence: I, insufficient; L, limited; S, sufficient; ND, no adequate data. [1] , on the basis of previously published results and expert opinions. Conversely, Boffetta et al. [2] , from the International Agency for Research on Cancer (a WHO agency), propose a much more conservative figure of 1%-3%. What is surprising is not only the large discrepancy between the two estimates but also the general lack of sound information behind the figures, especially for developing countries. In fact, Boffetta et al. extrapolated their global estimate from a figure that was originally proposed by Doll and Peto [3] for the United States in the late 1970s.
The development of an effective strategy goes beyond the scope of this paper. However, it is clear that such a strategy involves (i) a survey of the number of people potentially exposed in developing countries, (ii) a strict international policy about transfer of hazardous contaminants from developed to developing countries and (iii) an international programme for early detection of potential carcinogens through in vitro tests and animal experiments. 
